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1. Introduction
   Vegetation types are recognized on the basis of distinctive 
physiognomic structure which differentiates it from other 
units[1]. The structure of vegetation is combination of 
habitat, environmental conditions and existing floristic 
characters. Investigations based on examining these aspects 
provide data about the recognition and definition of diverse 
vegetation types and plant communities and mapping 
of vegetation communities and their types, identifying 
the relationship between distribution and environmental 
controls of plant species, vegetation as a habitat for birds, 
animals and insects[2]. The Lesser Himalayan region, 
with an altitudinal range of 900-1 800 m, is colonized by 
subtropical broad-leaved forests, mainly dominated by chir 
pine (Pinus roxburghii) and oak (Quercus) species[3,4].
   The phytosociological investigation involves several 
techniques to depict causal relationship between 
environmental factors and vegetation distribution patterns. 
In this context, ordination analysis is an emerging approach 
used in phytosociology. This may be done either by 
arranging the points along the axis or by forming the scatter 
diagram with two or more axis. Phytosociology techniques 
include cluster analysis, which is a classification technique 
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based on classification of stands and then used to achieve 
classification of species[5]. On the other hand, detrended 
correspondence analysis (DCA), an indirect gradient analysis 
technique relies on species distribution not controlled 
by environmental variables and focuses to analyze the 
pattern of species distribution. Environmental data for 
DCA is not required and species data is used to assume the 
gradients[6]. However, canonical correspondence analysis 
(CCA) referrs to constrained ordination technique, where 
results are simultaneously based on species abundance 
and environmental variables. It is a form of reciprocal 
averaging and is an extension of detrended correspondence 
analysis and DCA[7,8]. Besides, CCA differs from detrended 
correspondence analysis and DCA in that the axes are 
constrained to optimize their relationship with a set of 
environmental variables. Considering the application 
and utility range of ordination techniques, we aimed to 
examine the association structure of Pinus-Quercus forest 
vegetation in Nikyal valley and to explain the influencing 
environmental factors using multivariate analysis.     
2. Materials and methods
2.1. Study area
   Nikyal Hills are situated in District Kotli, Azad Jammu 
and Kashmir at an altitude of 1 500-1 900 m. They are located 
30 km away from Kotli towards north. The investigated 
area lies within 74°04’ to 74°10’ E and 33°26’ to 33°29’ N. It is 
surrounded by Kotli on south, on western side by Tatapani, 
on northern side by Mender and on east side by Pir-Panjal.
2.2. Climate
   The climate of Nikyal valley is of sub tropical humid type 
with average monthly rainfall of 95.60 mm. The maximum 
rainfall occurs during July amounting to 251.52 mm, while 
least rainfall occurs during November amounting to 14.44 mm. 
The hottest months of the year are June and July, with mean 
daily maximum temperature of 37.69 °C and 34.82 °C respectively 
and minimum temperature of 23.61 °C and 23.62 °C respectively, 
while the coldest months of the year were December and 
January with mean maximum temperature of 19.99 °C and 
18.09 °C respectively and minimum temperature of 5.49 °C and 
4.41 °C respectively. The average maximum and minimum 
relative humidity received by the area is 79.64% and 30.82% 
respectively (Source: Pakistan Metrological Department 
Lahore). 
2.3. Floristic inventory
   After several field surveys of the investigated area, a 
total of 13 sampling sites were selected keeping on viewing 
the maximum possible heterogeneity in vegetation. The 
vegetation data was collected during August 2012 using 
quadrat method. In each stand 5 quadrats were laid for trees, 
10 for shrubs, and 15 for herbs. The size of quadrat was 10 m
伊10 m for trees, 5 m伊5 m for shrubs and 1 m伊1 m for herbs. 
Quadrats were laid systematically. Total quadrats in all 
the communities were 390. Each species was recorded in 
different strata due to its habitat. The trees were counted 
and the circumference of each tree was resolute at breast 
height and converted into basal area following the method 
desvribed previously[3,9-12]. Density, frequency and canopy 
cover that measured were changed to the relative values. 
These three parameters were added together to derive 
importance values (IV) for each of the recorded species. The 
dominant species were used for naming the community[13].
2.4. Soil analysis
   In each stand five samples of soil was taken up to depth 
of 15 cm and mixed to make composite. Organic matter and 
different physic-chemical properties of soil viz. pH, texture, 
saturation, electrical conductivity, content of phosphorus 
and potassium were determined by using standard 
method[14,15].
2.5. Vegetation analysis
   Presence/absence data was used for classification and 
ordination of communities and species by cluster analysis 
and DCA. The relationship between natural vegetation and 
environmental gradients was examined by performing CCA 
using IV and environmental variables. PAST and CANACO 5.0 
were used for statistical analysis.
3. Results 
3.1. Ordination and classification of vegetation
   On the basis of cluster analysis and DCA, four plant 
associations were identified.
3.1.1. Olea-Pinus-Themeda association
   This association was harboured at an altitude of 
1 540-1 655 m. It was dominated by Olea ferruginea (O. 
ferruginea) (IV=39.27), Pinus roxburghii (P. roxburghii) 
(IV=30.54) and Themeda anathera (T. anathera) (IV=29.60) 
respectively. The association comprised of three 
communities with 56 species which include 4 woody, 7 
shrubby and 45 herbaceous plant species. The component 
communities were Olea-Punica-Berberis community and 
two Olea-Themeda-Pinus communities (Table 1, Figures 1-3). 
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Table 1
Mean relative IV of species in four associations recorded by normal cluster analysis 
during monsoon 2012 from Nikyal valley.
Species A B C D
A. millefolium L. - -  1.44  0.90
Achyranthes aspera Wall -  0.68  0.33 -
Adiantum venustum D.Don  0.65  2.15  4.25  2.07
Agrostis canina auct - -  1.62 -
Ajuga bracteosa Wallich  0.57  2.40  0.60  0.68
Andropogon gerardii Vitman  1.66  0.99 - -
Arisaema jacquemontii Blume  3.15  0.46  1.59  0.18
A. adscensionis L. -  0.80  2.75  3.72
Imperata cylindrica L. - -  2.09 -
B. lycium Royle 21.19 14.57 10.69  8.92
Bergenia ligulata (Str) Hot -  0.26 - 0.43
Bidens biternata (Lour.) Merr and Sherf  3.03  0.59  2.76  3.17
Anaphalis timmua D. Don -  0.42 - -
Brachiaria eruciformis (J.E Smith) Griseb  8.31  1.81  6.43  1.57
Brachiaria reptans (L.) Gardner and Hubbard -  0.62 -  2.36
Bryophyllum pinnatum Kurz -  2.04 - -
Bupleurum lanceolatum Wall.  3.91  0.86  0.40 -
A. rotundifolia Hardw - - -  0.82
C. aucheri (Boiss) Stapf - -  9.52  5.56
C. grata Wallich -  0.53  2.54  2.59
Colebrookia oppositifolia Sm. -  3.94  1.29 -
Commelina benghalensis Linn.,sp. Pl. 0.94  0.58  3.15  3.24
C. acuminatus ILinley -  3.29 -  2.22
Conyza canadensis L. 1.14 - - -
Conyza ambigua Hook. Arn 1.00 - - -
Cymbopogon jwarancusa (Jones) Schult. 1.25 - -  1.63
Cynodon dactylon L. Pers 3.48 - -  4.26
C. lanceolatum Forssk 3.85  5.27  1.05  0.75
Cyperus difformis L. - -  1.38 -
Cyperus niveus Retz -  0.40  4.38  2.46
Cyperus rotundus L. -  2.31  2.22  2.16
Phalaris arundinacea L. - -  2.11 -
Debregeasia salicifolia (D.Don) Rendle -  0.73  1.52 1.03
Dichanthium annulatum (Forssk) Stapf  2.72  1.06  1.59 -
Dicliptera roxburghiana Nees  6.89  5.43  2.85  4.63
Dodonaea viscosa L. Jack  1.59 - - -
D. stewartii Fress - -  0.74  1.15
Cyperus globosus Forssk. -  0.29 - -
Elaeagnus parvifolia Wall. ex Royle - -  0.51  7.84
Eragrostis japonica Thunb. Trin.   - -  2.67  1.71
Eriophorum comosum Wall -  3.90 - -
Euphorbia helioscopia L.  2.56  1.07  0.65 -
Euphorbia prostrata Ait -  1.25 - -
Euphorbia wallichii HK. f -  1.07 -  3.71
Ficus palmata Forrsk  2.36  0.75  1.67  3.13
Fragaria nubicola Landle ex Lacaita  5.78  3.83  2.50  7.91
G. elegan Wall. 12.83  8.30 13.66 11.88
Geranium rotundifolium L.  4.20  0.80  7.16  1.72
Gerbera gossypina Royle  1.41  8.08 -  4.30
Grewia villosa Willd  1.38 - - -
Hedera nepalensis K. Koch -  0.53 -  1.61
Heteropogon contortus L.  0.97  1.16 -  1.75
Hypericum perforatum L.  1.33 - - -
Ipomoea purpurea L. Roth  0.56 - - -
Impatiens edgeworthii H.K.f - - -  2.27
I. heterantha Wall. - 2.67 17.91 12.29
Ipomoea cordata 1.44 0.24 0.63 -
J. serotinus Clarke 2.87 0.85 0.93 -
J. procumbens L. 8.28 - 16.45 1.60
Lespedeza juncea (L.F) Pers 1.17 2.30 - 1.68
Loranthus pulverulentus Wall. in Roxb - - 2.53 2.62
Malvastrum coromandelianum L.         0.77 2.28 5.02 6.85
Medicago denticulata Willd 1.37 - - -
Melilotus indicus L. All 7.20 1.24 12.66 4.77
Micromeria biflora (Ham) Bth 8.52 5.19 6.98 2.88
A: Olea-Pinus-Themeda association, B: Myrsine-Rhus-Quercus association, C: 
Quercus-Rubus-Pinus association, D: Quercus association.
Table 1, continued 
Mean relative IV of species in four associations recorded by normal cluster analysis 
during monsoon 2012 from Nikyal valley.
Species A B C D
Myrsine africana L. - 44.23 1.92 5.08
Nerium indicum Mill - - 1.82 0.93
Oenothera rosea L. Her 1.93 1.17 0.67 -
O. ferruginea Royle 39.27 1.22 - -
Origanum vulgare L. 2.10 2.65 1.46 3.18
O. limbata (Bth) Boiss - 0.56 - 2.26
O. corniculata L. 7.02 4.22 16.83 12.38
Rubia tinctorum L. 2.17 2.335 - -
P. roxburghii Sargent 30.54 18.54 20.65 14.93
Plectranthus rugosus Wall. - 2.99 - 6.61
Poa annua L. - - 2.70 -
Prunella vulgaris L. 1.38 - - -
Prunus persica L. Batsch 6.16 - 6.35 6.08
P. cretica L. - - 1.03 1.13
Punica granatum L. 22.04 - 1.41 3.10
Q. dilatata Lind - 21.14 24.87 41.74
Rabdosia rugosa (Wall. ex Benth.) H.Hara - 6.85 - 11.02
Ranunculus muricatus L. 1.17 0.67 0.28 4.94
Rhus cotinus L. - 23.86 - -
Rhynchosia hirta (Andrews) Meikle & Verdc. - 3.78 - -
Rubus fruticosus Wallich. 4.77 - 23.49 7.55
Rubus niveus Wallich - 0.56 1.61 3.95
R. hastatus D.Don 1.30 0.23 2.30 -
Rumex nepalensis D.Don 1.37 - 0.69 0.58
Saccharum spontaneum L. - - - 0.88
Trifolium repens L. - - 1.26 1.06
S. saligna (D.Don) Muel - 0.81 - -
Scutellaria linearis Benth 4.29 4.77 6.81 4.46
Solanum nigrum L 0.26 0.42 - -
Solanum surattense Burm. f. 0.57 - - -
Sonchus arvense L. 0.79 - - -
Sonchus asper Hill - 0.26 2.24 1.19
Sorghum halepense L. Pers 7.50 8.45 2.38 7.36
Setaria viridis Var. - - - 2.08
Malva parviflora L. - 0.37 0.67 -
T. officinale Weber 7.02 3.30 0.55 0.96
T. anathera  (Hack) 29.60 18.52 16.39 17.28
Tussilago farfara L. - - - 0.58
Valeriana jatamansi Jones - 0.36 - 0.21
V. grandiflorum Wallich ex DC - 14.37 - 0.45
V. odorata L. - 11.48 0.50 -
W. floribunda Salisb - 3.49 - -
P. aviculare - 0.37 - -
Zanthoxylum alatum Roxb - 0.34 0.49 -
Ziziphus jujuba Mill 0.38 - - -
A: Olea-Pinus-Themeda association, B: Myrsine-Rhus-Quercus association, C: 
Quercus-Rubus-Pinus association, D: Quercus association.
   The soil was loamy. Electrical conductivity varied from 
0.52-0.63 µs/cm, pH from 7.60-7.68, saturation from 33.00%-
50.00%, organic matter from 0.88%-1.40%, phosphorus form 
4.90-6.20 mg/kg and potassium from 60.00-80.00 mg/kg 
(Table 2). 
3.1.2. Myrsine-Rhus-Quercus association
   This association lies in between 1 535-1 710 m and 
consisted of 73 species in all. Out of which 3 species were 
woody, 17 were shrubby and 53 were herbaceous. Myrsine 
africana (IV=44.23) and Rhus cotinus (IV=23.86) were 
dominant shrubby species and Quercus dilatata (Q. dilatata) 
(IV=21.14) were dominant woody species which made their 
own association. P. roxburghii and T. anathera were co-
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dominant in this association with IV of 18.54 and 18.52 
respectively. This association comprised four communities. 
The communities were Myrsine-Pinus-Rhus community, 
Myrsine-Rhus-Pinus community, Myrsine community and 
Quercus-Myrsine-Berberis community (Table 1, Figures 1-3).
   Soil texture was loam to clay loam type. Electrical 
conductivity varied from 0.71-0.79 µs/cm, pH from 7.62-7.70, 
saturation from 55.00%-57.00%, organic matter from 0.60%-
1.08%, phosphorus form 4.90-6.50 mg/kg, potassium from 
60-160 mg/kg (Table 2).
18
14
12
10
8
6
4
2
0
D
is
ta
nc
e
O
R
T
Q P
Q
O
P
Q
I
Q
O
J
P
Q
O
O
TP II
O
TP I
O
PB
M M
R
P
Q
M
B
M
PR
Assosiation D Assosiation C Assosiation A Assosiation B
Figure 1. Wardscluster analysis dendrogram of thirteen stands based on presence/
absence value.
A: Olea-Pinus-Themeda association; B: Myrsine-Rhus-Quercus association; C: 
Quercus-Rubus-Pinus association; D: Quercus association. MPR: Myrsine-Pinus-Rhus 
community; M: Myrsine community; OPB: Olea-Punica-Berberis community; QOJ: 
Quercus-Oxalis-Justica community; OTP: Olea-Themeda-Pinus community; QMB: 
Quercus-Myrsine-Berberis community; MRP: Myrsine-Rhus-Pinus community; QRT: 
Quercus-Rabdosia-Themeda community; Q: Quercus community; PQI: Pinus-Quercus-
Indigofera community; RQO: Rubus-Quercus-Oxalis community; PQO: Pinus-Quercus-
Oxalis community.
Figure 2. Associations formed by cluster analysis are demarcated by DCA.
MPR: Myrsine-Pinus-Rhus community; M: Myrsine community; OPB: Olea-Punica-
Berberis community; QOJ: Quercus-Oxalis-Justica community; OTP: Olea-Themeda-
Pinus community; QMB: Quercus-Myrsine-Berberis community; MRP: Myrsine-
Rhus-Pinus community; QRT: Quercus-Rabdosia-Themeda community; Q: Quercus 
community; PQI: Pinus-Quercus-Indigofera community; RQO: Rubus-Quercus-Oxalis 
community; PQO: Pinus-Quercus-Oxalis community.
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Figure 3. Biplots between communities and envirnomental varariable.
EC: Electric conductivitiy; OM: Organic matter; P: Phosphorus; K: Potassium; MPR: 
Myrsine-Pinus-Rhus community; M: Myrsine community; OPB: Olea-Punica-Berberis 
community; QOJ: Quercus-Oxalis-Justica community; OTP: Olea-Themeda-Pinus 
community; QMB: Quercus-Myrsine-Berberis community; MRP: Myrsine-Rhus-Pinus 
community; QRT: Quercus-Rabdosia-Themeda community; Q: Quercus community; 
PQI: Pinus-Quercus-Indigofera community; RQO: Rubus-Quercus-Oxalis community; 
PQO: Pinus-Quercus-Oxalis community.
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Table 2
Soil analysis result from different communities of Kotli Hills during Monsoon 
2012.
Associations Name of 
community
Height 
(m)
EC 
(µs/cm)
Saturation 
(%)
OM  
(%)
P 
(mg/kg)
K 
(mg/kg)
PH Texture
A OPB 1 540 0.52 33.00 1.40 6.20   60.00 7.68 Loam
OTP I 1 595 0.62 50.00 0.88 5.20   80.00 7.60 Loam
OTP II 1 655 0.63 42.00 1.24 4.90   80.00 7.65 Loam
Average 0.59 41.67 1.17 5.43   73.33 7.64
B MPR 1 535 0.72 56.00 0.60 4.90 160.00 7.70 Loam 
MRP 1 610 0.79 57.00 0.88 6.50   60.00 7.63 Clay Loam
M 1 670 0.71 55.00 0.65 6.00 120.00 7.68 Loam
QMB 1 710 0.73 55.00 1.08 6.20   80.00 7.62 Clay Loam
Average 0.74 55.75 0.80 5.90 105.00 7.66
C RQO 1 650 0.53 54.00 1.35 3.40   80.00 7.18 Loam
QOJ 1 700 0.69 38.00 0.49 3.60   60.00 7.10 Loam
PQI 1 820 0.57 40.00 0.74 6.60   80.00 7.30 Loam
Average 0.60 44.00 0.86 4.53   73.33 7.19
D Q 1 620 0.57 32.00 0.88 2.80   40.00 7.60 Loam
QRT 1 760 0.52 33.00 0.57 4.90   40.00 7.15 Clay Loam
PQO 1 870 0.59 38.00 1.01 5.20   60.00 7.52 Clay Loam
Average 0.56 34.33 0.82 4.30   46.67 7.42
A: Olea-Pinus-Themeda association; B: Myrsine-Rhus-Quercus association; C: 
Quercus-Rubus-Pinus association; D: Quercus association; EC: Electric conductivitiy; 
OM: Organic matter; P: Phosphorus; K: Potassium; MPR: Myrsine-Pinus-Rhus 
community; M: Myrsine community; OPB: Olea-Punica-Berberis community; QOJ: 
Quercus-Oxalis-Justica community; OTP: Olea-Themeda-Pinus community; QMB: 
Quercus-Myrsine-Berberis community; MRP: Myrsine-Rhus-Pinus community; QRT: 
Quercus-Rabdosia-Themeda community; Q: Quercus community; PQI: Pinus-Quercus-
Indigofera community; RQO: Rubus-Quercus-Oxalis community; PQO: Pinus-Quercus-
Oxalis community.
3.1.3. Quercus-Rubus-Pinus association
   This association was recorded at an altitude of 1 650-1 820 m. 
Q. dilatata (IV=24.87), Rubus fruticosus (IV=23.49) and P. 
roxburghii (IV=20.65) were dominant in the investigated area. 
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Indigofera heterantha (I. heterantha) and Oxalis corniculata 
(O. corniculata) with IV of 17.91 and 16.83 respectively were 
co-dominant species. Justicia procumbens (J. procumbens), 
T. anathera and Galium elegan (G. elegan) were the other 
important species. This association consisted of 3 plant 
communities which are Rubus-Quercus-Oxalis community, 
Quercus-Oxalis-Justica community and Pinus- Quercus-
Indigofera community (Table 1, Figures 1-3).
   The soil was loamy with pH varied from 7.10-7.30, 
electrical conductivity from 0.53-0.69 µs/cm, saturation from 
40.00%-54.00%, organic matter from 0.49%-1.35%, phosphorus 
form 3.40-6.60 mg/kg, potassium from 60.00-80.00 mg/kg 
(Table 2).
3.1.4. Quercus association
   At the top of Nikyal Hills (1 620-1 870 m) temperate broad 
leaved forest association was harboured which comprised 42 
species. Out of which 3 were woody, 15 were shruby and 50 
were herbaceous. Q. dilatata (IV=41.74) was dominant in tree 
layer while P. roxburghii and T. anathera were associated 
components and O. corniculata and G. elegan were 
dominant in the herb layer. I. heterantha, Rabdosia rugosa, 
and Berberis lycium (B. lycium) were the other important 
species. This association comprised 3 communities, Quercus 
community, Quercus-Rabdosia-Themeda community and 
Pinus-Quercus-Oxalis community (Table 1, Figures 1-3).
   Soil varied from loam to clay loam, electrical conductivity 
from 0.52-0.59 µs/cm, pH from 7.15-7.60, saturation from 
32.00%-38.00%, organic matter from 0.88%-1.01%, phosphorus 
form 2.80-5.20 mg/kg, potassium from 40.00-60.00 mg/kg 
(Table 2).
3.2. CCA
   The Nikyal valley vegetation showed definite trends which 
was investigated using a powerful vegetation analyzing 
technique CCA. The diagrams provided by first two axis of 
CCA were shown in Figures 3 and 4. The diagrams consist of 
three sets of points including species communities, sites and 
environmental variable which display species- environmental 
and communities-environmental relationships. Length of 
the arrow corresponds to the magnitude and arrow head 
symbolizes the direction of environmental variable’s effect. 
CCA results as depicted by ordination diagram reveal that 
altitude is negatively correlated with first ordination axis 
whereas potassium is strong positively correlated with 
1st ordination axis; pH, saturation, electric conductivitiy, 
phosphorus and potassium are weekly correlated with 1st 
ordination axis, and soil organic matter is positively correlated 
with 2nd ordination axis.
Figure 4. Biplot between species and environmental variable.
EC: Electric conductivitiy; OM: Organic matter; P: Phosphorus; K: Potassium.
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3.2.1. Communities-environmental relationship
   The communities Pinus-Quercus-Indigofera, Quercus-
Oxalis-Justicia and Quercus-Rabdosia-Themeda showed 
very strong and significant correlation with altitude. 
They were placed at lower right of 2nd axis. These sites/
communities showed complete separation with other site. 
The sites Quercus, Pinus-Quercus-Oxalis, Rubus-Quercus-
Oxalis and Olea-Punica-Berberis were outlier and they 
were not affected by any environmental factor. The sites 
Myrsine-Pinus-Rhus and Quercus-Myrsine-Berberis were 
strongly correlated with potassium and weakly correlated 
with phosphorous, saturation and electric conductivitiy. 
Olea-Themeda-Pinus I was strongly correlated with 
phosphorous but weakly correlated with saturation, electric 
conductivitiy and pH. Myrsine-Rhus-Pinus community was 
strongly correlated with electric conductivitiy and weakly 
correlated with phosphorous saturation and potassium. 
Myrsine community had weak correlation with electric 
conductivitiy, pH, saturation and potassium (Figure 3).
3.2.2. Species-environmental relationship
   The species occupying central portion of biplot diagram 
shown that they were least influenced by environmental 
variables. However, factors such as altitude, organic matter, 
saturation, electric conductivitiy and pH had played a 
significant role in distribution of species while phosphorous 
and potassium did not produced any significant effect. pH, 
electric conductivitiy, saturation and altitude were more 
important for distribution of species on 1st ordination axis 
while organic matter was important for distribution of species 
along 2nd ordination axis. Altitude played a significant 
role in grouping of species such as Achillea millefolium 
(A. millefolium), Dryopteris stewartii (D. stewartii), Pteris 
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cretica (P. cretica), Clematis grata (C. grata), Chrysopogon 
aucheri (C. aucheri), Aristida adscensionis (A. adscensionis), 
I. heterantha, Otostegia limbata (O. limbata), Androsace 
rotundifolia (A. rotundifolia) etc. Electric conductivitiy 
was strongly correlated with Polygonum aviculare (P. 
aviculare) and Sarcococca saligna (S. saligna). It seems 
that distribution of O. ferruginea and Juncus serotinus (J. 
serotinus) were primarily dependent on soil organic matter 
variations whereas pH was important in distribution of 
Oeno therarosea and Taraxacum officinale (T. officinale). 
Saturation, phosphorus and potassium were important in 
distribution of Cynoglossum lanceolatum (C. lanceolatum), 
Contoneaster acuminatus (C. acuminatus), Viola odorata 
(V. odorata), Viburnum grandiflorum (V. grandiflorum), 
Woodfordia floribunda (W. floribunda), Andropogon gerardii 
and Bryophyllum pinnatm etc. (Figure 4).
4. Discussion
   Thirteen plant communities were reported from Nikyal 
valley. Based on cluster analysis and DCA they grouped in 
four associations. The grouping may be due to similarity 
in soil properties and habitat features[16]. Sites and species 
ordination diagram obtained by DCA were showed in this 
study. First two axis presented a summary of original data. 
Their eigen values is less than 0.198. Remaining two axis 
were therefore eliminated.
   The site ordination showed distinct relationship with the 
first axis (distribution of species, edaphic and topographic 
factors) with the respect of the 2nd axis, altitude showed 
significant correlation (P<0.01) with sample scores, R-value 
was considerably low <0.198 for this topographic factor. 
It is clear that sites belonging to Olea-Pinus-Themeda 
association have a high score and those belonging to 
Myrsine-Rhus-Quercus association, Quercus-Rubus-Pinus 
association and Quercus association have low score.
   Similarly the altitude played a major role in the grouping; 
however, among the Myrsine-Rhus-Quercus association, 
Quercus-Rubus-Pinus association and Quercus association, 
several sites were distinctly separated from other sites due 
to great variation in species diversity within these groups. 
The present findings are in line with findings of previous 
reports[11,17,18]. 
   Olea-Pinus-Themeda association are strongly separated 
from other associations, i.e. Myrsine-Rhus-Quercus 
association, Quercus-Rubus-Pinus association and Quercus 
association which suggested that there is site specific factor. 
Communities Myrsine-Pinus-Rhus, Quercus-Myrsine- 
Berberis, Myrsine-Rhus-Pinus and Myrsine lie at altitude 
of 1 535-1 710 m, while the communities Pinus-Quercus-
Oxalis, Quercus and Quercus-Rabdosia-Themeda lie at an 
altitude of 1 620-1 870 m. The distinct location of associations 
observed in biplot diagrams may be attributed to differences 
in altitude of plant habitats which is considered an 
important factor in the establishment of plant communities. 
The results are in line with Malik who reported that altitude 
played significant role in establishment of different plant 
communities or association[11,18].
   Similar findings were recorded by Ahmad et al. who 
reported that cluster analysis and twinspan merged different 
communities into few associations in Abbottabad[16,19]. 
Present findings are also in line with Jafari et al. who stated 
that 90 plots vegetation was clustered into seven main groups 
on the basis of environmental need[20]. Lyon and Gross 
used DCA to assess the grouping of different communities 
based on frequency value[21]. This also supported our 
results. Regarding group of vegetation, He et al. relied on 
DCA and cluster dendrogram and differentiated associations 
into six major groups[22]. Their results clearly stated the 
strength of ordination technique in identifying the trends in 
vegetation analysis. However, findings reported by Yeo and 
Blackstock have categorized the vegetation of uplands Wale 
into six main biogeographical groups based on assemblage 
and habitat types of vegetation which again corroborates 
the present findings that plant assemblages into natural 
communities must take into account habitat factors[23]. 
Considerable evidence in demonstrating this aspect has 
been provided by Zhang who have classified communities 
of Pangquangou National Nature Reserve into seven groups 
using DCA, which also favor our results[24]. 
   CCA analysis is applied here to determine the relationship 
between environmental variable and vegetation. This 
technique has also been used to determine the vegetation-
environmental relationship by some other workers such 
as Ahmad et al.[19], Ali and Malik[25], Malik et al[26]. The 
first two axis explain 45% of total variation so our analysis 
show significant results. The length of arrow indicates the 
magnitude of factor’s effect on vegetation distribution. It is 
clear from diagram that soil organic matter, altitude, soil 
pH, saturation and electric conductivitiy have played a 
major role in distribution of species, Mashaly also concluded 
that soil electric conductivitiy, organic matter, texture 
and pH played a major role in distribution of species 
in the Mediterranean regions of Nile Delta[27]. Similarly 
Ahmad et al. reported electric conductivitiy as a major 
predictor in species distribution of roadsides vegetation 
of Abbottabad[19]. The present results are also in line with 
Shaheen et al. who reported altitude as a major predictor for 
species distribution in Bagh (A.K)[28]. Altitude is one of the 
most important determinants of plants species distribution 
due to its direct impact on micro climate of the habitat[29,30]. 
In the present study altitude shows strong relationship with 
A. millefolium, D. stewartii, P. cretica, Clematis grata, C. 
aucheri, A. adscensionis, I. heterantha, O. limbata, Androsace 
rotundifolia because these are species of higher altitudes. 
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Although altitude is the main controlling factor in species 
distributions, investigations revealed that within the same 
altitudinal range soil physiochemical properties also affect 
the forest composition[31]. Soil organic matter is strongly 
correlated with Rumex hastatus (R. hastatus), O. ferruginea 
and J. serotinus. R. hastatus and J. serotinus form broad 
patches whereas O. ferruginea fall large number of leaves so 
these species are strongly related with organic matter. 
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